S. salivarius strains the latter strain does not contain galactose in the cell wall (Colman, 1968) .
Extraction of Streptococcus salivarius NCTC 8606 with formamide yielded a mixture of carbohydrate antigens which was fractionated by alcohol precipitation into a type antigen (containing rhamnose, glucose, galactose) and a group-like (z) antigen. The type antigen is related to type antigen 111 in group F streptococci. After partial hydrolysis five disaccharides and two trisaccharides were isolated and identified. Five of these were inhibitory in the quantitative precipitation of the type antigen.
Two other strains of Streptococcus salivarius contained different group-like antigens and lacked the type antigen isolated from strain NCTC 8606.
I N T R O D U C T I O N
The oral streptococci designated as Streptococcus salivarius do not form a serologically homogeneous group, but are classified together because of their ability to form a levan when grown on sucrose agar (Williams, 1956) . Sherman, Niven & Smiley (1943) distinguished two serological types. Willers, Ottens & Michel ( I 964) described a strong cross-reaction between Streptococcus salivarius NCTC 8606 (type I of Sherman) and type I11 antigen of group F streptococci. This cross-reaction was probably due to the presence of a galactoside and a P-glucoside group in the determinants of both antigens. All investigated S. salivarius strains reacted in the capillary precipitin test with an anti-NcTc 8606 serum. Some strains contained an additional unrelated antigen, represented by strain ' 5 1 ' (Willers, Ottens & Michel, 1964) . Williams (1956) and Colman (1968) showed that a number of S. salivarius strains reacted with antisera to group K streptococci. Montague & Knox (1968) found a reaction with group K antiserum only with extracts of S. salivarius type I strains. Michel & Krause (1967) and Willers & Alderkamp (1967) have shown that a number of streptococci carry both a type antigen and a group-like (z) antigen. The fractionation of group and type antigens from purified formamide extracts is based on the higher solubility of group antigen in ethanol.
A second characteristic of streptococci carrying a type antigen is the excretion in the medium of a polysaccharide which is only reactive with anti-type serum and not with antigroup serum (Willers, Michel, Sijsma & Winkler, 1964) .
This paper describes the results of the alcohol fractionation of extracts of the two strains of Streptococcus salivarius which differed serologically and of strain FW 86. Unlike the other In one experiment the lyophilized bacteria were extracted repeatedly with an enzyme preparation from Streptomyces albus (McCarty, 1952) . The acid-, the DMSO-and the enzyme-extracts were purified and fractionated in the same way as the formamide extracts.
IdentiJication of sugars by paper chromatography. Paper chromatography was done as described by using solvent A: n-butanol: acetic acid: water (60: 10: 20, by vol.); solvent B: n-butano1:pyridine: water (60: 40: 30, by vol.); and solvent C: 2-4 to 2.5 redistilled lutidine: water (65 : 35, v/v).
Serological methods. The quantitative precipitin inhibition technique and the preparation of anti-NCTC 8606, anti-51 and anti-Fw 86 sera were carried out as described by , except that live bacteria were used for the preparation of antisera.
Analytical methods. Glucose was determined with glucose oxidase (Huggett & Nixon, 1957) and galactose with galactose oxidase (Roth, Segal & Bertoli, 1965) . Total hexosamines were estimated by the modified Elson & Morgan method (Kabat & Mayer, 1961) . Rhamnose was estimated in unhydrolysed material using Gibbons' modification of the method of Dische & Shettles (Kabat & Mayer, 1961) . Glucosamine and galactosamine determinations were kindly done by Dr J. A. F. Op den Kamp (Laboratory of Biochemistry, State University of Utrecht) by gas chromatography using a method described by Perry (1964) and modified by Op den Kamp & van Deenen (1966). The borohydride reduction was done as described previously . Optical rotation was measured in a Perkin Elmer 141 polarimeter. The rate of degradation of oligosaccharides in alkaline solution gives valuable information on the kind of glycosidic linkage of the oligosaccharides (Painter, I 963) . Comparison of the results with the results obtained with disaccharides of known structure gives the probable linkage for the disaccharides. The modification for microquantities of Michel, van Vonno & Krause (1969) was used.
Partial acid hydrolysis. The pure carbohydrate antigen (6 g,) was dissolved in 0.1 N-HCl to a concentration of 4 mg./ml. and heated at 100' for 25 min. After cooling to room temperature, the hydrolysate was neutralized with Dowex-I in the carbonate form, and filtered. 0933). Kabat, 1958) . In order to remove the monosaccharides the column was eluted with 3 1. of distilled water.
The column was further eluted with 3 1. each of I, 2,3,5 and 7 % ethanol. Each of the eluates was evaporated to dryness under reduced pressure and redissolved in 4 ml. distilled water. These eluates were processed by preparative paper chromatography on Whatman no. 3 MM using solvents A, B or C . Finally each single oligosaccharide was purified on a small charcoal + celite column (20 by 1-5 cm.).
R E S U L T S
After the final purification step the serological activity of the formamide extract of Streptococcus salivarius NCTC 8606 was only present in the water eluate of the DEAEcellulose column (Willers, Micliel et al. 1964) . The two materials precipitated by 4 vol. of alcohol (Falc) and by 5 vol. of acetone (Fac) gave distinct peaks in the quantitative precipitin reactions as shown in Fig. I . Refractionation of Falc and Fac with increasing amounts of alcohol gave a separation in the serologically active fractions Falc,, Falc, and the serologically less active fractions Fac,, Fac,, Fac,. This was indicated by the increasing amounts of antigen and antiserum necessary to give the same amount of precipitate as measured in the quantitative precipitin reaction ( Table I) . Quantitative sugar analysis revealed that in the Falc fractions rhamnose, glucose and galactose were present in the ratio of about 2: 6: 7. Hexosamine was present only in a small amount. Of the Fac fraction, Fac, which gave the weakest reaction with anti-NcTc 8606 serum, was analysed. The relative amounts of rhamnose, glucose, galactose and hexosamine were 4: 3: I : 2 (Table I) .
Five hundred pg. of the material isolated from the medium in which Streptococcus salivarius NCTC 8606 was grown showed the same serological activity as 8 pg. Falc, material. The quantitative precipitin reactions of the different fractions of the formamide extracts of Streptococcus salivarius 51 showed that the most active fraction was precipitated with 6 vol. of alcohol. The fraction precipitable with I vol. of alcohol contained almost no polysaccharide. The F, and F3 fractions were serologically less active (Table 2 ) . Rhamnose, glucose, galactose and hexosamine in the F, fraction were present in the ratio 5 : 2 : I : 3.
Rhamnose, N-acetyl glucosamirie and p-lactose (at 8 mg./ml.) gave 27 % inhibition of the quantitative precipitin reaction between F, and anti-5 I serum.
Formamide extracts of Streptococcus salivarius FW 86 did not contain any serological activity. The extraction of the bacteria with formamide at lower temperature (between I 1 0 ' and 140') was, however, successful. Extractions with DMSO and Streptomyces albus * Subscript numerals indicate the vol. of alcohol and acetone used to reprecipitate the particular fraction.
-f Extinction at 280 nm. of the precipitate dissolved in 3 ml. of 0.02 N-NaOH varied between 0.160 and 0.230 at the peak of the precipitin curve. Carbohydrate antigens of S. salivarius 81 enzyme were also performed. In the final purification step the water eluates of the DEAEcellulose column were serologically inactive for all three extracts. The fractions eluted with 0.0175 M-phosphate buffer (pH 7) consisted of material of high serological activity (Table 3) . Quantitative analysis revealed that the buffer eluate of the formamide extract was serologically the most active fraction and contained a relatively high amount of rhamnose and almost no hexosamine. Glucose was the only hexose present. In the inhibition reaction none of the simple sugars tested gave important inhibition (< 20 %).
As the total amount of polysaccharides of the different fractions did not exceed 30 %, the presence of teichoic acids was suggested. The phosphate content was, however, less than 0-1 % and in chromatograms no spots corresponding with either ribitol or glycerol could be detected . The culture filtrates of streptococci 51 and FW 86 did not react with the homologous antisera.
The relationship between the Streptococcus salivarius antigens (NCTC 8606, 5 I and FW 86) was studied by means of the agar gel diffusion test. Anti-Fw 86 gave a line of identity with the three different extracts of ~w 86 (0.5 mg./ml.) and the 51 antigen (0.5 mg./ml.). No precipitate was obtained with the NCTC 8606 antigen, even at concentrations up to 5 mg./ml. (Fig. 2a) . The anti-51 serum gave a precipitation line with the three FW 86 extracts and the Carbohydrate antigens of S. salivarim 83 5 I antigen in concentrations of 0.5 mg./ml., whereas the NCTC 8606 antigen reacted only at a concentration of 5 mg./ml. (Fig. 2b) . A second precipitation line was observed with the FW 86 extracts prepared with formamide and Streptomyces albus enzyme. The anti-NcTc 8606 serum reacted only with the homologous extract and with the enzyme extract of FW 86 (Fig. 2c) .
Isolation and characterization of the oligosacchar ides isolated from Strep to coccus salivar ius NCTC 8606 antigen. Partial acid hydrolysis yielded a series of oligosaccharides consisting of glucose and galactose (Table 4 ). The results of the alkaline degradation (Painter, I 963) are given in Fig. 3 . The borohydride reduction showed that all oligosaccharides had a galactose molecule at the reducing end. Not all of the oligosaccharides inhibited the precipitin reaction of NCTC 8606 antigen and anti-8606 serum (Fig. 4) . Treatment of E and F with either aor P-glucosidase or a-galactosidase had no effect on their inhibitory activities while treatment with P-galactosidase decreased them by 50 %. Table 5 summarizes the most probable structures of these oligosaccharides and their inhibitory activity. The fractionation of polysaccharide antigens based on differences in solubility in ethanol was used by Lancefield (1934) to separate group and type antigens in group B streptococci. This method was applied by Michel & Krause (1967) and Willers & Alderkamp (1967) to formamide extracts of streptococci carrying a type antigen of group F. Application of these techniques to the Streptococcus salivarius antigens revealed that a formamide extract of S. salivarius NCTC 8606 contained fractions which could be precipitated with I and 2 vol. of alcohol (Falc, and Falc,) and fractions which could only be precipitated with greater volumes of alcohol or acetone (Fac). The Falc, fraction was very pure as indicated by the recovery of the total amount of sugar after hydrolysis. Although the total carbohydrate content of the Fac, fraction was about the same as that of the former fraction it was serologically far less active in the quantitative precipitin reaction with anti-NcTc 8606 serum. The Fac, fraction contained more rhamnose and hexosamine, but less galactose than the Falc, fraction. The glucose contents were about the same. These data suggest that the formamide treatment of S. salivarius NCTC 8606 yields an extract which can be separated with alcohol into fractions comparable with type antigen of group F streptococci (Falc, and Falc,) and fractions comparable with group antigen (Fac). The serologically most active fraction of the formamide extract of Streptococcus salivarius 51 bacteria was precipitated with 6 vol. of alcohol. This suggests that the formamide extract of S. salivarius 51 contains only a group antigen which is, however, different from Fac.
Formamide extraction of Streptococcus salivarius FW 86 at 160" (Fuller, 1938) gave no serologically active material. When, however, the extraction was performed at lower temperature serologically active material was obtained. The results were compared with DMSO and Streptomyces albus enzyme as extracting agents. In all three cases, upon purification, the active material could be eluted with phosphate buffer from the DEAE-cellulose column. The carbohydrate content of the formamide extract was only 27 % and that of both other fractions even lower. These results suggest that destruction and removal of noncarbohydrate material was incomplete under the conditions used for extraction. The results of the quantitative precipitin reaction proved also that the material extracted with DMSO and enzyme had less activity than formamide extract. In all three kinds of extracts the serologically active material is precipitated with 4 vol. of alcohol. This is an indication of its being a group antigen. As already noted by Colman (1968) for cell wall material, no galactose could be found in the extracts of S. salivarius FW 86.
From the culture filtrate of Streptococcus salivarius NCTC 8606 material could be isolated which was reactive with anti-NcTc 8606 serum, whereas the other two strains did not yield serologically active material. This is further support for the presence of type antigen in Streptococcus salivarius NCTC 8606. The strains 51 and FW 86 contain only group antigens.
The serological differences between NCTC 8606, on one hand, and 51 and FW 86, on the other, are clear from the agar gel diffusion tests. There is a relationship between the group antigens of 51 and FW 86, although the reactions with anti-51 serum reveal differences.
Further data on the structure of the determinant of the type antigen of NCTC 8606 (Falc) were obtained by partial acid hydrolysis and analysis of the isolated oligosaccharides. These oligosaccharides consisted only of glucose and galactose (Table 4 ). This is in accordance with the rather low relative amount of rhamnose in the Falc fraction. Although Montague & Knox (1968) used different methods for the extraction of the type antigens, they isolated from type I antigen (NCTC 8606) two disaccharides (D, and D3) containing only glucose and galactose and one (D1) consisting only of galactose. In all three cases galactose was at the reducing end. The only inhibitory sugar was D, : O-P-D-gaIactopyranosyl-(I -+ 6)-~-galactose. This sugar is identical with our disaccharide B. D2 and D3 correspond with our D and X. In our experiments D proved to be inhibitory.
The disaccharide H had an inhibitory capacity equal to the trisaccharides E and F. This suggests that H is not a part of these trisaccharides. As with none of the isolated oligosaccharides 7 0 % inhibition can be exceeded, the possibility of a branched antigen was considered. In that case combinations of oligosaccharides might give considerably higher inhibitions than the individual components. None of the combinations of sugars in amounts giving individually 50 % inhibition gave more than 70 % inhibition. This value was also obtained by the addition of galactose to E or F. Willers, Ottens & Michel (1964) and Montague & Knox (1968) showed that galactose was the immunodominant hexose. Only disaccharide B contains galactose at the nonreducing end. But compound B has to be excluded as the terminal group of the determinant because its inhibitory activity is lower than that of H or the trisaccharides. From the data on the isolated oligosaccharides no definite conclusion can be drawn about the structure of the determinant group of the type antigen of Streptococcus salivarius NCTC 8606.
